
SQUID-based	-me-division	mul-plexing	(TDM)	is	a	mature	and	widely	implemented	technology	used	to	read	out	transi-on	edge	sensor	(TES)	arrays.	We	describe	a	suite	of	
soFware	algorithms	and	automated	measurements	used	to	perform	detailed	TDM	chip	characteriza-ons	and	high	throughput	TDM	chip	screening	at	4	K	for	projects	
including	Advanced	ACT.	We	show	how	the	new	system	has	been	used	to	probe	the	physics	of	mature	TDM	designs.	We	also	present	data	for	a	new	(2017)	genera-on	of	
mul-plexers	(TDM+).	These	devices	implement	on-chip	flux-ac-vated	feedback	switches	designed	to	minimize	distant	pixel	crosstalk.		

Abstract	

• Used	to	screen	240	mul-plexer	chips	for	Advanced	ACT.	
•  TDM	chips	wire-bonded	to	PCB	mounted	in	a	4K	dip	probe.	
•  	Measurements	use	dedicated	Python-based	automa-on	and	analysis	soFware.	
•  This	new	soFware	suite	takes	data,	extrapolates	informa-on,	and	produces	
visualiza-ons	of	chip	characteris-cs.	

High-Throughput	Automated	TDM	Screening	Setup	

Automated	TDM	Tes9ng	-	Output	
	

•  Automated	soFware	PID	sequen-ally	
locks	the	center	of	each	“SQUID	1”	
modula-on	curve	to	the	opera-ng	point	
of	a	shared	SQUID	Series	Array	(SSA)	as	
“SQUID	1”	bias	is	swept	from	Ib	=	0-50	µA	

•  Determine	all	“SQUID	1”	Ic,min	and	Ic,max	

•  Record	“SQUID	1”	modula-on	curves	and	
dependence	of	modula-on	depth	on	
“SQUID	1”	bias	(Ib).		

	

•  Separately	evaluate	each	flux-ac-vated	
“row	select”	(RS)	switch	for	quality	and	
robustness.	

Latest	MUX	Design:	Mux16a	
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Automated	Measurements	for	the	Characterization	of	
SQUID-Based	Time-Division	Multiplexing	Chips	
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•  Mux16a	is	the	most	recent	genera-on	
of	-me-division	mul-plexing	devices	
for	x-ray	calorimeters.	

	

•  Mux16a	adds	flux	actuated	switches	
that	prevent	the	flux	signal	from	
being	applied	to	‘off’	SQUID	channels,	
elimina-ng	a	source	of	crosstalk.	

•  Row	Select	(RS)	and	FB	addresses	are	
wired	in	series,	on-chip,	so	that	no	
new	wires	are	required.	

	

Basic	Measurements	-	TDM	Screening	at	4K	
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New	Mux16a	switches	turn	off	
feedback	signal	to	SQUIDs	

Ic	Feature	Detec9on	For	Each	“SQUID	1”	

“SQUID	1”	Bias	Current	(µA)	
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TDM	“SQUID	1”	Sensi9vity	
(Data	for	a	chain	of	three	MUX	chips)	
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TDM	“SQUID	1”	Cri9cal	Current		
(Data	for	a	chain	of	three	MUX	chips)	

Excellent	separa-on		
between	Ic		of	MUX	
switch	column	and	Ic		of		
SQUID	1	input	channels	
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Tes-ng	“SQUID	1”	FB	switch	actua-on	through	½	øo	.	LeX:	With	feedback	(FB)	switch	
closed	(OFF)	“SQUID	1”	shows	no	response,	except	when	the	FB	current	exceeds	the	
cri-cal	current	of	the	FB	switch.	Middle:	The	FB	switch	is	par-ally	ON.	Right:	The	FB	
switch	is	resis-ve	(ON).	FB	current	flows	through	the	corresponding	FB	coil,	fully	
modula-ng	the	“SQUID	1”	response.		[Test	condi-ons:	“SQUID1”	at	nominal	bias	and	
Row	Select	ON	(I	=	230	µA).]	

High-throughput	screening	(borom	row)	as	well	
as	detailed	SQUID	characteriza-on	(leF	and	
right).	Automated	high-throughput	TDM	

screening	is	~40x	faster	and	~	5x	more	precise	
than	manual	screening.		
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